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This paper describes an alternative to the Standard Model of particle physics. This model 
is referred to as the Particle Model. The Particle Model and the Standard Model are 
similar in many ways, but significantly differ from each other as well, particularly in 
terms of their fundamental physics and interpretation. 
 
According to the Particle Model, quarks should not be viewed as particles but as 
chaotically moving ‘reduction centers’ within a soliton structure. Consequently, the mass 
of individual quarks becomes meaningless; mass is only a meaningful concept for the 
particle as a whole. Charge originates from the two possible phases (+ and -) of the 
electromagnetic protofield. For particles with 2 or 3 reduction centers (mesons and 
baryons respectively) charge can be understood as a consequence of the reduction center 
phase and spin vortex coupling. The internal structure of particles can be derived from 
known experimental results and the assumed existence of spin vortex coupling. From 
internal particle structures, the so-called phase-charge law can be derived. The notion of 
fractional charge for reduction centers can be defined by rewriting the phase-charge law. 
The fractional charges are +/- 1/3 and +/- 2/3 for baryons and +/- 1/2 for mesons. From 
the internal structure of the proton and neutron it can be derived that only one of the 
three reduction centers effectively contributes to the externally observed spin.  
Strangeness and isospin can be defined explicitly and turn out to be related to the 
reduction center phases of multiple particles. The definition of strangeness eliminates the 
need to introduce quark flavors. The relation ( ) 2/SBIQ ++=  can be derived from the 
definitions of strangeness and isospin, in combination with the phase-charge law. The 
symmetry of particle multiplets, supposed to be of large importance in the Standard 
Model, is a consequence of the formal definitions of strangeness and isospin and seems to 
have no physical significance. The classification of interaction processes into strong and 
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This report provides an alternative for the Standard Model of particle physics. This model 
will be referred to as the Particle Model lacking a better name. The model is developed 
solely from experimentally known facts about particles, a few core ideas from the 
Quantum Field Mechanics (QFM), and some additional assumptions that seem to be 
physically plausible but remain to be verified. Section 2 provides a short overview of 
QFM. References [1] through [4] address many more details of the theory. For the 
development of the Particle Model, no use has been made of conventional Quantum 
Mechanics as far as expressing wavefunctions of particles as a linear superposition of 
orthogonal waves. The description has been made as explicit as possible to illustrate 
internal consistency of this newly suggested particle model. 
 
 
2 Overview of Quantum Field Mechanics 
This section provides a short overview of the Quantum Field Mechanics developed by 
Andrei P. Kirilyuk. This theory provides a complete self-consistent integration of 
Quantum Mechanics and Special Relativity Theory for a prototypical particle that can be 
identified with an electron and can be extended to other elementary particles. The theory 
is supported in detail by derivations including fundamental equations of corpuscular 
particle and wave theory such as the de Broglie equation vmh = , the energy-
momentum relation ( ) ( )2222 pcmcE += , Newton’s second law, and the Schrödinger 
equation. It also demonstrates that the corpuscular and wave descriptions of particles can 
be viewed as two equivalent ways to describe quantum particles, see Figure 1. 
Conventional Quantum Mechanics does not provide a very good explanation in this 
respect, and relies on complementarity to ‘explain’ the duality between corpuscular and 
wave aspects.  
 
The construction of the QFM starts with the assumption that two protofields1 exist, the 
gravitational protofield and electromagnetic protofield, that (homogeneously) interact. 
This interaction is captured in a so-called Existence Equation that can be viewed as a 
generalized Schrödinger equation, see [1] through [4]: 
 
( ) ( ) ( )[ ] ( ) ( )ξξξξ ,,, qEqqVhqh egge Ψ=Ψ++  
 
The state-function ( )ξ,qΨ , which is the solution of the existence equation expressed in 
the electromagnetic protofield degree of freedom q  and gravitational degree of freedom 
ξ , is non-linear2 and does not contain space and time a priori. Analysis of the solution of 
the (linear) Existence Equation shows that a dynamic non-linear structure can exist within 
a self-created potential well. This structure is referred to as a virtual soliton because its 
dynamically created center, called a reduction center, chaotically wanders around within 
the potential well, and results from a continuously executed dynamical reduction 
(squeeze) and subsequent extension (unsqueeze) within both protofields. The virtual 
                                                 
1
 Concepts highlighted in bold will be used frequently in the subsequent sections. 
2
 The Existence Equation is linear, but the solutions are non-linear because both degrees of freedom are 
independent. 
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soliton, or better the process of the chaotic wandering of reduction centers, is interpreted 
as a material massive particle. Time dynamically originates from the squeeze-extension 
oscillatory reduction center cycle, referred to as the quantum beat cycle, and is 
inherently asymmetrical due to the dynamically random reduction center behavior. Space 
is dynamically created by the emergence of subsequent reduction centers. The description 
of the behavior at this level can be extended to a more abstract level, resulting in the 








Quantum Action and Wave Function
Corpuscular
Particle TheoryParticle in FieldFree Particle
•Construction of the complete theory follows the direction of the arrows.
•The double arrow between Particle and Wave Theory indicates
equivalency of the theories.
•Not all parts of the theory have been developed yet.
Particle Compositions Particle Compositions
Particle Compositions
Local Theory Non-local Theory
 
Figure 1: Framework of QFM 
 
Energy is obtained as hE = , momentum as /hp = . The entity  is the quantum beat 
frequency3 and /1 and  are interpreted respectively as the quanta of time and the 
space period (or characteristic size) of the wave field. The equation 2mcE =  follows 
from the theory and therefore mass can be identified with the quantum beat frequency of 
the virtual soliton. Particles with different masses thus have different quantum beat 
frequencies. Mass is now a property of the combination of the two protofields and is not 
solely a gravitational property. Spin can be understood as the vortex that is created in the 
virtual soliton as part of the reduction center squeeze phase. This vortex continues 
spinning during the expansion phase. The nature of charge, its quantization and two 
‘opposite’ kinds might be understood as two possible opposite phases of quantum beat 
processes within the electromagnetic protofield. 
 
                                                 
3
 The quantum beat frequency of an electron is 1.2x 1020 Hz (calculable from its mass). For hadrons, the 
quantum beat frequency will be (much) higher. 
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Reference [1] provides a more detailed illustration of some of the aspects mentioned 
above. Within QFM, the nature of photons has not fully been characterized. But, a natural 
assumption seems to be that photons are solitons within the entangled protofields. These 
solitons might have a shallow enough potential well of a self-created potential that does 
not allow for chaotic wandering of the reduction center, thus causing the zero rest mass 
for photons. Vacuum can be interpreted as the entanglement of both protofields and 
particles are thus inherently part of the vacuum. 
Veg
•The figures represent conceptual depictions of a massive quantum particle and a photon.
•A massive quantum particle has a self-created potential well within which the reduction
centers move at the speed of light.
•The photon is entangled within both protofields, but is not massive. As such it can move at
the speed of light.
•e/m and gr fields are generated by massive quantum particles, e/m and gr waves are




 =quantum beat frequency, B = de Broglie wavelength, S = spin, q = charge, h = Planck’s constant, c = speed of light,
p =photon frequency, p = photon wavelength , Veg is a non-specified binding potential.
e/m fields






Massive Particle Photon = massless particle
 
Figure 2: Some details of the Quantum Field Mechanics 
 
3 Particle Model 
3.1 Introduction 
This section provides a summary of the major assumptions that are made to compile the 
Particle Model. Additional assumptions are provided in this report in subsequent sections, 
but are made explicit wherever possible so as to show possible areas for experimental 
verification. An overview of some of the fundamentals of the Particle Model is provided 
as well. 
3.2 Major Assumptions 
Several major assumptions are made in this report with respect to the internal structure 
and behavior of particles4. A proof of these assumptions remains to be provided by 
further analysis of the QFM Existence Equation and experiments. However, these 
assumptions do not seem to contradict physically detected phenomena. The major 
assumptions are: 
                                                 
4
 So far QFM only addresses particles that can be identified with electrons. 
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1. Quantum Field Mechanics. The Quantum Field Mechanics is assumed to 
provide an accurate representation of particle physics. 
2. Particles. Particles with single reduction centers can be identified with the 
electron, meson and tau particles. Particles with multiple reduction centers can be 
identified with hadrons. Neutrinos and photons are also particles that are 
entangled between the gravitational and electromagnetic protofields. Their nature 
will be discussed in more detail later. 
3. Hard Pits. The hard pits detected during hadron scattering experiments should be 
interpreted as ‘reduction centers’ within a virtual (i.e. chaotic) soliton structure 
and not as quark particles. 
4. Quantum Beat Frequency. All the reduction centers in a given particle have the 
same quantum beat frequency5. This assumption results in a well-defined notion 
of rest-mass m0 of a particle via E=m0c2 K  
5. Spin Vortex Direction Coupling. All spin vortices of the reduction centers in a 
particle are either parallel or anti-parallel. 
6. Spin Vortex Rotation Coupling. The spin behavior of different reduction centers 
may be coupled, see section 6 for more details. 
7. Electromagnetic Protofield Phases. When it is not equal to zero, the tension 
within the electromagnetic protofield can only have two phases (+ and -). 
8. Charge. For single reduction centers, the existence of two possible 
electromagnetic protofield phases seems to be the very minimal constraint needed 
to claim the existence of only two kinds of externally observable electron charges. 
This assumption originates from reference [1]. For hadrons it will also be 
assumed that charge also depends on the presence of spin vortex coupling of 
reduction centers. See section 7 for more details. 
3.3 Overview 
This section discusses some of the steps taken in subsequent sections to develop a new 
model of the nature of particles. This model, called the Particle Model, is based on an 
extension of ideas behind the Quantum Field Mechanics as developed in [1] through [4] 
for a single reduction center particle. An overview of the QFM is provided in [5]. The 
model maintains that all particles have one or more reduction centers. The extended QFM 
model can iteratively be refined providing a complete description of the properties of spin 
and charge, and now permitting the formal introduction of the measures of strangeness 
and isospin. 
 
QFM postulates that a prototypical quantum particle that can be identified with an 
electron has a single reduction center (see [1]). As described in this paper the theory can 
be extended to cover other kinds of particles. The QFM Existence Equation seems to 
allow quanta (i.e. virtual solitons) with multiple reduction centers6. These types of 
quantum particles might be identified with particles such as mesons (2 reduction centers) 
and protons (3 reduction centers). The existence of such particles can be physically made 
plausible by considering it a result of the operation of the attractive forces between the 
                                                 
5
 This is the simplest assumption that results in a self-consistent theory.  
6
 Further analysis of the Existence Equation is necessary to confirm this. 
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reduction centers. These forces are dynamically created within the always-attractive 
gravitational protofield, by the squeeze-expansion behavior of the reduction centers 
quantum beat and can be referred to as the strong force (see [2] for a suggestive remark in 
this direction). When reduction centers in a multi-reduction center particle move away 
from each other, an even stronger attractive force results between the reduction centers, 
preventing them from moving much further away7. Effectively, this behavior results in a 
bound system of reduction centers that should be considered a single virtual soliton. 
These quanta cannot be sub-divided into smaller particles as they form holistic structures. 
Therefore, protons and neutrons cannot be perceived as composite particles, and the 
masses of individual reduction centers are non-defined quantities. Due to the internal 
dynamics of the virtual soliton, the locations of reduction centers should dynamically 
change. This property makes it understandable why it is so hard to characterize the 
properties of a multi-reduction center particle. The strong force evolves dynamically in a 
very non-linear fashion.  
 
More specifically, it is proposed here that quantum particles with one (leptons), two 
(mesons) and three (baryons) reduction centers can be distinguished. This proposal 
matches with experimental results that seem to indicate that mesons and baryons 
respectively have two and three ‘hard pits’. It becomes clear that electrons, mesons and 
protons just differ by the number of reduction centers. This difference is supported 
experimentally. For instance, it is known that mesons can decay into leptons providing a 
clear indication that both kinds of particles are indeed very much related. As such, the 
assumption that leptons and mesons respectively have one and two reduction centers 
provides a natural fit with the known particle decay processes, in contrast with the 
Standard Model, which perceives both classes of particles as completely different. 
 
In section 7 it will become clear that the above painted picture needs to be refined in 
some important ways to account for the properties of spin and charge. For now however, 
this picture is suitable as an initial approximation before the more complete picture of the 
physical behavior is provided. 
 
In this paper, the Particle Model does not provide a complete characterization of photons 
and neutrinos yet. Primarily, experimentally known properties will be used to obtain a 
preliminary picture, which needs to be advanced by future investigations. 
 
                                                 
7
 This tension is analogous to quark encapsulation in the Standard Model. 
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•The numbers 1, 2, 3, 4, … represent steps in the reduction phase





































This section addresses the nature of mass for various kinds of particles. The QFM 
provides derivation of the relativistic mass expression 2220 /v1/ ccmm −= for a 
prototypical particle that can be identified with the electron. Here, the theory will be 
extended to other types of particles. 
4.2 Leptons and Hadrons 
Mass, according to the QFM, has only meaning for complete particles. This can be 
understood from the equation: 2mchE =≡ , from which follows: 2chm = . Because 
the quantum beat frequency  is a property of the whole particle, mass is a property of 
the whole particle; mass is a meaningless concept for a portion of a particle. Therefore, 
for multi-reduction center particles, the mass of a single reduction center is an ill-defined 
notion. Thus, the relativistic mass expression 2220 /v1/ ccmm −=  should apply to both 
(non-neutrino) leptons and hadrons. 
4.3 Photons 
According to the QFM, the energy of a moving massive particle is equal to hvE = . This 
expression does not apply to photons since they propagate at the speed of light and 
therefore do not have a rest-mass. From experiments, it is well known that upon emission 
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or absorption of a photon, the energy of a massive particle changes. This might simply be 
explained by assuming that photon emission/absorption modifies the quantum beat 
frequency of the massive particle by an amount equal to the frequency of the photon8. 
The consequence of this assumption is that photon emission/absorption conserves energy. 
This observation may provide the simplest explanation for the law of energy conservation 
for the interaction between massive particles and photons. Consequently, formally an 
energy value can be assigned to photons equal to the difference in energy of the massive 
particle before and after the operation of the photon process. Note that photons are 
definitely different kinds of particles than massive particles. Massive particles can only 
have certain mass values, and thus only certain quantum beat frequencies. Photons, on the 
other hand, can have any frequency. 
4.4 Neutrinos 
According to recent experiments, neutrinos seem to have a (rest-)mass. If they indeed 
have mass then, according to the Quantum Field Mechanics, they should have a quantum 






This section extends the notion of linear momentum, as it was introduced for the 
prototypical particle in [1] and [4], to other kinds of particles. 
5.2 Leptons and Hadrons 
Momentum, like mass, is a property of the whole particle according to the QFM. This 
fact can be understood from the equation: /hp = . Because the quantum unit of space  
is a property of the whole particle, momentum is a property of the whole particle as well. 
Therefore, momentum is a meaningless concept for a portion of a particle. For multi-
reduction center particles, the momentum of a single reduction center is an ill-defined 
notion because it is only defined for the particle as a whole. 
5.3 Photons 
The momentum expression of a photon might be obtained using similar arguments as 
were used to obtain the energy of a photon. More research is needed to confirm this. For 
now this section serves as a placeholder for future development of the Particle Model. 
5.4 Neutrinos 
If neutrinos are indeed massive (i.e. they have a rest-mass) their momentum expression 
should be the same as the one that applies to other massive particles: /hp = . 
 
 
                                                 
8
 Right now, the QFM theory of photons has not been developed. Here it is assumed that photons indeed 




This section provides a model of the nature of particle spin. It formally defines spin for 
particles with single and multiple reduction centers. Spin defined as such is a quantum 
beat frequency independent property. Particles with different quantum beat frequencies 
may have the same spin, because spin is defined relative to completely executed quantum 
beat cycles, and not relative to quantum beat frequency. 
6.2 Vortices 
Reference [1] provides some indication of the nature of spin for the prototypical particle 
(which can be identified with the electron) with a single reduction center. It seems natural 
to assume that the property of spin is related to a vortex that gets created around the 
reduction center in a quantum particle during the squeeze phase. Here we will develop 
this idea in more detail, both for particles with single and multiple reduction centers. The 
latter kind of particles will have multiple vortices.  
6.3 Leptons 
Electrons, muons and tau particles and their anti-particles are assumed to have a single 
reduction center. The spin of a quantum particle with a single reduction center may be 
defined as follows, see [1]: 
 
  Spin: Single Vortex. The spin J of a quantum particle with a single reduction 
center vortex is defined as the change of quantum mechanical action A of the 
whole particle over one quantum beat cycle, divided by the angle of rotation of 
the vortex (measured in radians): eAJ
∂
∂
≡ .  The unit vector e  is oriented in the 
direction indicated by applying the right-hand rule. 
 
In this expression the angle  is equal to the rotation of the vortex over one quantum beat 








= hh . 
 
The above expression is commonly written as J= ½. The rotation angle over one 
complete quantum beat cycle is equal to 4= . This behavior might be interpreted as 
follows: during both the reduction phase and the expansion phase the reduction center 
rotates over an angle of 2  in the same direction, see [1]. Spin defined as such is really a 
property of the whole particle. I.e. it does not have a meaning for a portion of a vortex. 
 
According to the above definition, spin should not be identified with angular momentum. 
Spin is a measure of rotation over a single quantum beat cycle and is independent of 
mass, whereas classically angular momentum is dependent on mass. Consequently, the 
classical conservation law of angular momentum cannot be applied to spin. 
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6.4 Naive Hadron Spin Model 
The definition of spin introduced earlier needs to be generalized for particles with 
multiple reduction centers. A naive model, that assumes that the reduction center vortex 
rotations are independent, results in the following definition: 
  Spin: Multiple Reduction Centers – No Vortex Spin Coupling. The spin J  of 
a massive quantum particle with multiple reduction centers can be defined as the 
change of quantum mechanical action of the whole particle over one quantum 
beat cycle divided by the angle of rotation of a vortex over one quantum beat 
cycle, summed over the number of vortices (equal to the number of reduction 






































. The externally observed proton spin 
value is equal to ½. Apparently two of the spin vectors cancel each other out. However, 
further consideration of the internal particle structure within the Particle Model shows 
that this picture of proton spin is too simple and needs to be modified, see section 6.5 and 
section 8. 
6.5 Mesons 
In the naive spin model of hadrons, it was assumed that the reduction center vortices in a 
particle spin independently. Another possibility is that the rotation of vortices is coupled 
(see Figure 4). Mesons are assumed to have two reduction centers. Two possible particle 
models can be imagined for ground-state mesons with respect to their spin: 
• The two vortices have anti-parallel spins and spin independently, resulting in a 
total spin equal to 0. 
• The two vortices are coupled with respect to their rotation: they rotate during their 
reduction cycle in one direction (‘winding’) and during the expansion cycle in the 
other direction (‘unwinding’), resulting in a total spin equal to 0, see Figure 4. 
 
To determine which of the two models might provide the most natural explanation, one 
needs to consider ground states verses excited states. The spin of the first excited state of 
DPHVRQ LVHTXDO WRK  K EHFDXVH WKH WUDQVLWLRQ IURPJURXQG WRH[FLWHGVWDWH
adds ( )42 h× = 2h = h to the spin. The first model does not allow for a simple 
explanation of this transition. The second model, however, allows for a naturally 
explanation when it is further assumed that a) the direction of the spin vectors remains 
the same at the transition from the ground state to the excited state and b) that excitation 
due to providing additional energy to the particle will cause both vortices to continue to 
spin in the same direction during the reduction phase and the expansion phase. The 
presence of spin vortex coupling also provides a more natural explanation for the charge 






Thus, assuming the existence of spin vortex coupling, two kinds of coupling can be 
distinguished: 
  0-Cycle Vortex Coupling. The rotation of two vortices is coupled in the 
following way: during the reduction phase the pair of vortices rotate in one 
direction and during the expansion phase they rotate in the opposite direction. The 
total spin is equal to 0. 
  1-cycle Vortex Coupling.  The rotation of the vortices of two reduction centers is 
coupled in the following way: during the reduction phase the pair of vortices 
rotate in one direction and continue to rotate in that direction during the expansion 
phase. The total spin is equal to 1. 
 
Note that it should be assumed that such a spin vortex coupling only exist with the spin 
vectors exactly parallel. Otherwise, the spin cannot have integer values.  
 
The 1-cycle spin coupling can be interpreted as an excited state of the 0-cycle spin 
coupling. For these cases of meson spin vortex coupling, the same definition for spin can 
be used as for the naive model with N=2. With this definition for meson spin the 





































. This is commonly denoted as J=1. 
 
Some mesons are known to have a spin value higher than J=1 (e.g. J=2, see Figure 4). 
These cases will be addressed in section 6.7. 
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‘1st’ half of a quantum beat cycle
Spin = 0 Spin = 1 Spin = 2
Both reduction centers spin
continuously
in the same direction
Reduction centers are split up
such that additional vortices
are created
+ h/2 + h/2






Figure 4: Spinning Mesons 
6.6 Baryons 
Many models can be envisioned for baryons with respect to their spin in the ground state 
(see also Figure 5 for some of these models): 
  Naive Spin ½ Model. The three reduction centers vortices are bound together and 
spin independently. Two vortices spin in the same direction, the other one in the 
opposite direction. The total spin of the baryon is equal to ½. 
  Naive Spin 1½ Model. The three reduction centers vortices are bound together 
and spin independently. Two vortices spin in the same direction, the other one in 
the opposite direction. The total spin of the baryon is equal to 1½. 
  2/0-Cycle Spin ½ Model. Two of the three reduction centers have a 0-cycle 
vortex coupling. The vortex of the remaining reduction center spins 
‘independently’ but is still bound to the spin-paired vortices. The total spin of the 
baryon is equal to ½. 
  2/1-Cycle Spin ½ Model. Two of the three reduction centers have a 1-cycle 
vortex coupling. The vortex of the remaining reduction center spins 
‘independently’ but is still bound to the spin-paired vortices. The total spin of the 
baryon is equal to ½. 
  2/1-Cycle Spin 1½ Model. Like the previous model, but now with all vortices 
spinning in the same direction. The total spin of the baryon is equal to 1½. 
  3/0-Cycle Spin 0 Model. All the three spin vortices are bound into a single group 
have a 0-cycle vortex coupling. The total spin of the baryon is equal to 0. 
  3/1-Cycle Model. All the three spin vortices are bound into a single group and 
have a 1-cycle vortex coupling. The total spin of the baryon is equal to 1½. 
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Baryons always have a spin larger than 0. Therefore, the 3/0-Cycle Spin 0 Model can 
likely be discarded. It is likely that some of the spin 1½ baryons are excited states of spin 
½ baryons. This might be the case for the +∆  particle with spin equal to 1½, and the 
proton with spin equal to ½. If one assumes that the proton adheres to the Naive Spin ½ 
Model, it is hard to imagine that one of the proton spin vortices flips upon going from 
spin ½ to +∆  spin 1½. Such an unlikely transition can also be concluded if it is assumed 
that the proton adheres to the 2/1-Cycle Spin ½ Model. Therefore it is more likely that the 
proton adheres to the 2/0-Cycle Spin ½ Model, and that the +∆  particle adheres to the 
2/1-Cycle Spin 1½ Model. These observations are consistent with the derivations 
provided of baryon phase quantum forms in section 8.5.3. The presence of vortex spin 
coupling provides a simple explanation of the charge values of baryons as well, without 
relying on the existence of fractional charges (see section 7). 
 
The binding of the non-paired vortices to the spin-coupled vortices can be explained as a 
result of the non-linear behavior in the particle as a whole. More specifically, an extra 
self-created potential well might exist within the larger self-created potential well to 
facilitate such spin coupling. Further analysis of the QFM Existence Equation (see 
section 2) might provide better insight in this binding. Right now the existence of such a 
binding is non-trivial. 
+ h/2
Spin = 3/2Spin = 1/2
‘2nd’ half of a quantum beat cycle‘1st’ half of a quantum beat cycle
All vortices continuously
spin in the same direction,






spin in the same direction,
no vortices are coupled
 
Figure 5: Spinning Baryons 
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In section 8 it will be shown that both protons and neutrons likely adhere to the 2/0-Cycle 
Spin ½ Model. The implication is that, effectively, only the single spin vortex contributes 
to the total spin of neutrons and protons9.  
6.7 Multiple Vortices per Reduction Center 
Some mesons have a spin value higher than 1, for example: 
( )( ) 01200400f0 =−J , ( )( ) 11285f1 =J , ( )( ) 21270f2 =J , and ( )( ) 42050f4 =J  
 
These higher spin values might be a consequence of the non-linear behavior of the 
reduction and expansion phases in a multi-reduction center particle, and be attributed to 
extra vortices that are created at higher quantum beat frequencies by splitting of reduction 
centers.10 (see Figure 4 and Figure 5). Electrons, having only one reduction center, do not 
seem to permit these additional vortices. This fact might be a consequence of the extra 
non-linear effects present in particles with multiple reduction centers. These effects might 
promote the creation of extra vortices. If indeed multiple vortices per reduction center 
exist inside a particle, the definition of hadron spin should be modified: 
 
  Spin: Multiple Vortices per Reduction Center. The spin J  of a massive 
quantum particle can be defined as the change of quantum mechanical action A of 
the whole particle over one quantum beat cycle (equal to Planck’s constant h) 
divided by the angle of rotation of a vortex over one quantum beat cycle, summed 
over the number of vortices Vi in reduction center i and the number of reduction 









































. This is commonly denoted 
































. This is commonly 
denoted as J=2½. 
 
The proposed existence of extra vortices per reduction center in excited particles seems to 
be compatible with the nature of solitons, and prevents that the vortices need to rotate 
with a velocity greater than the speed of light. 
 
 
                                                 
9
 This might solve the spin-crisis of the Standard Model. The Particle Model does not need to postulate the 
existence of gluons to resolve the discrepancy between the spin model and the measured spin.  
10
 This phenomenon occurs in Bose-Einstein condensates as well (see e.g. [8] for a good illustration). 
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6.8 Photons 
Within the Particle Model, photons, just like massive particles, exist as structures within 
the entangled electromagnetic and gravitational protofields, also called vacuum. This 
provides a natural way to explain why and how photons can interact with massive 
particles. 
 
The notion of spin is only defined for particles that can be at rest. Thus, physically, 
photons cannot be assigned a spin value because they always move at the speed of light.  
However, photons are known to cause a spin flip of massive spin ½ particles. Photons 
may therefore likely be a special kind of soliton particles that, upon collision, invert the 
spin of a reduction center of a massive particle. As such, photons can formally be 
assigned a spin value equal to 1. 
6.9 Neutrinos 
To determine the spin of neutrinos, consider the following decay processes: 
• ee +→
++
. The spin of the pion is equal to 0, and the spin of the positron is 
equal to ½. This process can be interpreted as the collapse of the two 0-cycle spin-
coupled vortices of the pion into one the single vortex of the positron, under 
emission of a neutrino. Such a collapse process may happen during the rotation of 
the vortices in one of the two possible directions. Then, the positron continues 
spinning in that direction. According to this interpretation, it can be concluded 
that the spin of the neutrino should be11 either 0 or ½. 
• e
0 eNN ++→ −+ . In phase quantum form this decay process can be described 
as ( )( ) ( )( ) ( ) e,, +−+++−→+−− , see section 8. In other words, the proton and 
neutron consist of a bound system of a 0-cycle pair of spin vortices and a single 
spin vortex. The emission of the spin ½ electron from the 0-cycle spin-coupled 
pair of vortices in the neutron maintains the 0-cycle spin of the corresponding pair 
of spin-coupled vortices in the proton. It may therefore be concluded that the spin 
of the neutrino should be equal to 0 or ½. 
 
In summary, based on the above arguments it is difficult to conclude what the spin value 
of the neutrino is. A spin value equal to 0 seems at least as likely as a spin value equal to 




This section describes the nature of charge according to the Particle Model. First a model 
will be provided for the nature of charge of electrons. This model is refined to other more 
massive leptons. The charge model of mesons and baryons needs to take into account 
both the phase of reduction centers and the spin coupling between reduction centers. It 
will be demonstrated that the notion of fractional charge does not need to be introduced 
                                                 
11
 The Standard Model maintains that the spin of a neutrino is ½ based on spin conservation arguments. 
However, spin conservation is not an absolute law in the Particle Model.  
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to describe particles in terms of their externally observable charge and their internal 
structure and behavior. However, the notion of fractional charge can still formally be 
introduced as a direct consequence of the phase-charge law (see section 11). 
 
Several major assumptions are made in this section that seem to be somewhat unusual at 
first sight, but interestingly do lead to a self-consistent Particle Model, as will become 
apparent in the subsequent sections. These assumptions cannot be proven yet, but require 
further analysis of the non-linear solutions of the QFM Existence Equation. 
7.2 Leptons 
Electrons and positrons are known to have the same mass (equal quantum beat 
frequency) but opposite charge. Within the context of QFM this can be understood as 
follows. Suppose that one assumes a sufficiently large distance from the particle, i.e. far 
enough away such that the chaotic movement of the reduction centers within the self-
created potential well is not visible anymore. If it is assumed that, at such a distance, the 
electromagnetic protofield movement can only have two possible squeeze phases towards 
the reduction center of the particle, then these two phases can be interpreted as two 
possible charge values (+1 and –1) of the electromagnetic protofield. This idea was first 
proposed in [1], but the existence of these two phases remains to be proven by further 
analysis of the QFM Existence Equation. The existence of only two phases in the 
electromagnetic protofield can naturally explain why like charges (same phase) repel and 
unlike charges (anti-phase) attract with a force of equal magnitude for particles at equal 
distance. Having the same phase, like charges move away from each other so as to reduce 
the tension within the electromagnetic protofield. Unlike charges on the other hand, can 
reduce this tension by moving towards each other. This view of the nature of charge is in 
alignment with the fine-structure constant that is also defined at a particular distance from 
the particle, and binds Planck’s constant (the unit of quantum action), the speed of light 
















According to this quantity, the charge of a particle is, via a constant factor, directly 
related to Planck’s constant. 
 
The above model, although simple, needs to be refined in an important way for other 
(anti-)leptons12, i.e. for muons, tau particles and their anti-particles. It needs to be 
assumed that the squeeze phases are independent of the quantum beat frequency (=mass) 
of particles. Otherwise, charge would become mass dependent and that is not observed in 
nature. The fact that the electromagnetic protofield is coupled to the gravitational 
protofield and the non-linear nature of virtual solitons might explain why only two 
quantum beat frequency independent squeeze phases are possible within the 
electromagnetic protofield. 
 
                                                 
12
 Excluding neutrinos. 
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Although the phenomenon of charge is assumed to be independent of quantum beat 
frequency, one may still expect that a relation exists between the charge and the phase of 
a reduction center. The relation between the charge of leptons and phases of reduction 
centers is assumed to be as follows: 
• If a negative charge (–1) is exhibited in the e/m protofield, then the phase of the 
reduction center is defined as negative (-1). 
• If a positive charge (+1) exhibited in the e/m protofield, then the phase of the 
reduction center is defined as positive (+1). 
 
These relations will make much more sense after mesons and baryons are considered 
below, and the rest of the Particle Model has been developed. This model is summarized 




Examples: )(e- −= , )(e +=+ , )(- −= , )(+=+ , )(- −= , and )(+=+ . 
7.3 Mesons 
To extend the proposed lepton model of the nature of charge to mesons requires that 
further assumptions need to be made that are compatible with what is observed in nature. 
For two-reduction center particles, i.e. for mesons, the observed electromagnetic charge 
is assumed to be dependent not only on the phases of the reduction centers but also on the 
presence of spin-coupling. Again, it will be assumed that the electromagnetic protofield 
can only have two possible phases, and the charge is independent of quantum beat 
frequency. The relation between the charge of mesons, reduction center vortex spin 
coupling and phases of reduction centers is assumed to be as follows: 
• If a neutral charge (0) is exhibited in the e/m protofield, then both reduction 
centers are assumed to be in anti-phase and their phases are defined as positive 
and negative. 
• If a negative charge (-1) is exhibited in the e/m protofield, then both reduction 
centers are assumed to be in phase and their phases are defined as negative. 
• If a positive charge (+1) is exhibited in the e/m protofield, then both reduction 
centers are assumed to be in phase and their phases are defined as positive. 
 
This model of the charge of mesons is summarized in the following table: 
  
 
Reduction Center Phases Charge Q 
(-) -1 
(+) +1 
Table 1: Lepton Reduction Center Phases and Charges 
Reduction Center Phase Pairing 





Table 2: Mesons Reduction Center Phases and Charges 
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For spin-paired reduction centers, charge is not dependent on the behavior of individual 
reduction centers. Charge now depends both on spin encapsulation of reduction centers 
and the phases of the reduction centers within this spin encapsulation. This model seems 
to be very much at odds compared to the nature of single reduction center particles; now 
both reduction centers together determine the externally observable charge. It should also 
be understood that the notion of charge is meaningless inside a spin-coupled pair of 
reduction centers.  
 
Examples: ),(- −−= , ),(0 +−= , ),( ++=+ ,  ),(K ++=+ , and ),( +−= . These forms 
will be derived in section 8.5. 
7.4 Baryons 
The extension of the lepton/meson model of charge to baryons requires that further 
assumptions need to be made that are compatible with the particle charges that are 
observed in nature. For baryons, having three reduction centers, the observed 
electromagnetic charge is again (like for mesons) assumed to be dependent not only on 
the phases of the reduction centers but also on the presence of spin-coupling. The 
electromagnetic protofield can only have two possible phases, and charge is independent 
of quantum beat frequency. The relation between the charge of baryons, reduction center 
vortex spin coupling and phases of reduction centers is assumed to be as captured in 
Table 3. Baryons with a single spin grouping i.e. (-,-,-) or (+,+,+) have a charge equal to 
–1 and +1 respectively. From a charge perspective they could be perceived as ‘leptons’. 
Particles with two spin groups, i.e. particles with a form (-,-)(-), (-,+)(-), (-,-)(+), (+,+)(-), 
(-,+)(+) or (+,+)(+) are, from the perspective of charge, considered to be a combination of 
a ‘meson’ and a ‘lepton’. Their charge can be obtained by adding the ‘meson’ charge and 
the ‘lepton’ charge together. The charges of particles with the phase grouping forms 
(-,-,+) and (-,+,+) are not defined. In fact, particles with these phase quantum forms do 





Reduction Center Phase Pairing 
as a result of Spin-Coupling 
Charge Q 
(-,-)(-) -1-1= -2 
(-,-,-) -1 
(-,-,+) not defined 
(-,+)(-) 0-1= -1 
(-,-)(+) -1+1= 0 
(+,+)(-) +1-1=0 
(-,+)(+) 0+1= +1 
(+,+,-) not defined 
(+,+,+) +1 
(+,+)(+) +1+1= +2 
Table 3: Baryons Reduction Center Phases and Charge 
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Examples: ))(,(N0 +−−= , ))(,(N0 −++= , ))(,(N ++−=+ , ))(,(N −+−=+ , ),,(- −−−=∆ , 
( )+−−=∆ ),(0 , ( )++−=∆+ ),( , ( )+++=∆+ ),( . ),,(- −−−=Ξ . These results will be derived 
in section 8.5. 
7.5 Photons 
Experimentally, it is known that photons do not have an electromagnetic charge. In terms 
of the Particle Model this means that, although they are entangled between the 
electromagnetic and gravitational protofield, they do not cause an effective tension in the 
electromagnetic protofield. Therefore, they can only be interpreted as special kind of 
solitons. 
7.6 Neutrinos 
Assuming that neutrinos indeed have mass (see section 4.4), they should have a quantum 
beat frequency. Decay processes such as ee ++→ −−  provide an indication that 
neutrinos do not have more than one reduction center, as it may be considered unlikely 
that during decay the number of reduction centers would increase. How then is it possible 
that neutrinos, according to experiments, do not seem to exhibit an electromagnetic 
charge? Apparently, although they have a quantum beat frequency, their reduction- 
expansion behavior must be of a very special nature. Possibly, if they have a reduction 
center, their expansion is such that it completely neutralizes the tension created by the 
squeeze phase, i.e. it also has an ‘expansion center’. Further investigations are warranted 
in order to provide an accurate picture of neutrinos. 
7.7 Conclusions 
The above assumptions provide a dynamic but decisively non-linear explanation of the 
phenomena of charge for massive particles. The property of charge is highly dependent 
on the existence of a quantum beat and reduction phase, reduction center spin and 
possible spin coupling, but not on the value of the quantum beat frequency. Why there 
are only two possible values of charge can be understood from the presence of quantum 
beat frequency and spin (coupling). In summary, according to the above postulated nature 
of charge: 
• The quantum beat cycle of particles does determine the existence of a stretching 
force in the electromagnetic protofield. 
• But, the quantum beat frequency of a dynamically redundant particle and its phase 
do not determine the phase of electromagnetic protofield. 
• For all particles, the phase of the electromagnetic protofield can only have two 
values in contrast to the quantum beat phase of different types of particles.   
 
Leaving aside neutrinos, a natural explanation is now provided as to why at least two 
reduction centers are needed in order to obtain neutral particles, and because such neutral 
particles have mass they can still be gravitationally attractive. 
 
According to the above-introduced charge models, it is quite natural to assume that a 
complete inversion of all reduction center phases of a particle will result in exactly the 
same quantum beat frequency (mass) and opposite charge. The dual existence of phase 
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and anti-phase in the electromagnetic protofields also provides a simple explanation for 
the existence of two kinds of charge, and also for the annihilation a particle and its anti-
particle (see section 9.3) into photons. Here, the annihilation phenomenon is explained as 
a consequence of matching of reduction center phases and anti-phases in two particles. 
 
8 Derivation of Particle Structures 
8.1 Introduction 
In this section the structure of particles will be derived solely on their currently known 
properties of charge and spin, and the assumptions made earlier with respect to the nature 
of charge. First, photon decay processes are investigated. It is assumed that before and 
after photon decay or absorption, massive particles basically have the same internal 
structure. As such, many structurally equivalent particles can be identified, and the 
complexity of finding the internal structure of particles is substantially reduced. As a 
second step, pion decay processes are studied. These decays, in combination with photon 
decay processes, permit us to determine the most likely internal structures of particles. 
8.2 Definitions 
In this section a more formal notation will be introduced to describe particles. Some of 
these notations have in fact already been used in the previous chapter. For particles the 
following notation will be used to describe their reduction center phases and spin in 
conjunction: 
  Reduction Center Phases. The signatures + and – indicate positive and negative 
phases of reduction centers respectively. 
  Spin Directions. The signatures ↑ and ↓ indicate spin up and spin down 
respectively. 
 
To indicate how reduction center spin vortices are grouped inside a particle, the following 
notation will be used: 
 
  Spin Quantum Form. Expressions such as (↑), (↓,↓), (↓,↓), (↑,↑,↑), (↓,↓)(↑) 
indicate how the spin-coupled vortices of reduction centers are oriented within a 
particle. For 0-cycle 2-vortex spin coupling, the notation ( ) ( )↓↓+↑↑ ,21,21  will 
be used; for 1-cycle spin 2-vortex spin coupling, the notation ( )↑↑,  will be used. 
 
Examples: ( )↑↑=+ , , ( ) ( )[ ]( )↑↓↓+↑↑=+ ,21,21N , ( )↑↑↑=∆− ,, . 
 
Note that inversion of all spin vectors in a particle results in the same type of particle. 
 
To indicate the aggregation of reduction center phases, and the orientation of spin vectors 
within spin groups, the following notations are introduced: 
 
  Phase Quantum Form. Expressions such as (-), (--), (-,+), (-,-,-), (-,+)(+) 
indicate how the phases of reduction centers are encapsulated as one or multiple 
spin groups within a particle. 
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Examples: ( )−=−e , ( )−−=− , , ( )++=+ , , ( )( )++−=+ ,N , ( )−−−=Ω− ,, . The phase 
quantum forms for particles will be derived in section 8.5. 
 
Spin and phase quantum forms can be combined: 
 
  Spin-Phase Quantum Form. A combination of a phase and spin quantum form. 
 
Examples: ( )↑+↑+=+ , , ( )↑−↑−↑−=∆− ,, . 
 
For particles and anti-particles the following notation will be used: 
  Anti-Particle. If P is a particle, the notation P  indicates its associated anti-
particle.  
 
Thus if the neutron N0=(-,-)(+), then 0N =(+,+)(-), showing only the phase quantum form. 
With spin this becomes: 
• N0=[½(-↓,-↓) +½(-↑,-↑)] + (+↑), and 
• 
0
N = [½(+↓,+↓) +½(+↑,+↑)] +(-↑). 
 
8.3 Quantum Form Properties 
In relation to the above notations the following observations can be made. Two particles 
at rest with the same quantum beat frequency (rest-mass) and with spin-phase quantum 
forms equal to: 
 
• (+↑) and (+↓) are considered the same type of particle (e.g. positrons). Both 
forms can be converted to one another by photon spin flipping. Spin flipping can 
be performed by photon emission or absorption. 
• (+↑,-↑) and (+↓,-↓) are considered the same type of particle. 
• [½(-↓,-↓) +½(-↑,-↑)]+(+↑) and 
[½(-↑,-↑) +½(-↓,-↓)]+(+↓) = [½(-↓,-↓) +½(-↑,-↑)]+(+↓) are considered the same 
type of particle. 
• (-↑,-↑,-↑) and (-↓,-↓,-↓) are considered the same type of particle. 
 
A few more examples can be provided but are very similar. Thus, a particle and its spin-
flipped version are considered of the same type. This observation considerably reduces 
the task of deriving the number of possible particle structures (see section 8.5). 
8.4 Photon Emission 
All mesons and baryons can be organized in schemes called multiplets. In this section, 
multiplets of the Standard Model will be used to illustrate the discussions, as they are 
most commonly known (see among others Figure 6 and Figure 713). The structure of 
                                                 
13
 In the Particle Model most of the multiplets for hadrons will be exactly identical to the ones of the 
Standard Model. 
 24
these multiplets has no significance for the derivations of the particle structures. 
Horizontally, particles are organized according to charge with values in the range (-2, -1, 
0, +1, +2). Vertically, they are organized with particles of approximately the same mass 
on the same row. More details about this particular organization will be provided in 
section 12. Particles and their corresponding anti-particles reside in the same multiplet. 
Both figures show the possible photon decay processes, and have been obtained from [6].  
 
In the figures, photon emissions can only occur in the vertical direction, because 
otherwise the charge of the decaying particle would be modified. It is assumed that 
photon emission does not change the spin grouping structure of particles. The implication 
is that many particles must have the same spin grouping structure. If the structure of one 
particle is known, then the structure of many other particles is known by implication. 
This is not so much of importance for mesons, as their phase quantum forms can simply 
be derived. But for the hadrons this structural equivalency helps significantly to 






















Figure 6: Meson Photon Emission 
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Figure 7: Baryon Photon Emission 
8.5 Phase Quantum Forms 
8.5.1 Introduction 
In this section it is assumed that particles have a unique quantum form. This assumption 
permits the derivation of the most likely phase quantum form of a particle. From the 
assumption that charge is also determined by spin coupling (section 7), it is possible to 
determine the physically permissible reduction center phases of particles. 
8.5.2 Mesons 
Because of the considerations in section 7, within the Particle Model, (anti-)mesons can 
only have the following phase quantum forms: 
• Negative mesons: (-,-) 
• Neutral mesons: (-,+) 
• Positive mesons: (+,+) 
 
Then, for J=0, the phase quantum forms for positive/negative and neutral kaons and pions 
DUH
-
=(-,- 0=(- +=(+,+), −K =(-,-), 0K =(-,+), 0K =(-,+), and +K =(+,+). Similarly, 
for J  WKHSKDVH IRUPV IRUSRVLWLYHQHJDWLYH DQG.SDUWLFOHVDUH -=(-,- 0=(-,+), 
+




=(-,+), and +∗K =(+,+). These results are 
summarized in Figure 8, and are in alignment with the photon decay processes as shown 



































Figure 8: J=0/1 Mesons 
8.5.3 Baryons 
For baryons, many more possibilities exist for the quantum forms of particles. The 
number of possibilities can be reduced drastically as follows: 
• Anti-particles (see definition in section 9.3) do not need to be considered because 
their quantum phase forms can be obtained by inverting the signs of the phases of 
the corresponding particle.  
• Because of the photon equivalencies determined in section 8.4, the number of 
different phase quantum forms can be reduced significantly. 
 
The following possibilities exist for the phase quantum forms: 
• (Anti-)baryons may have the following phase quantum forms: 
o Negative baryons: (-,-,-), (-,+)(-). 
o Neutral baryons14: (-,-,+), (-,+,+), (-,-)(+), (+,+)(-) 
o Positive baryons: (-,+)(+), (+,+,+) 
• The ++∆  can only have a quantum form equal to (+,+)(+) in order to get a charge 
equal to +2. 
 
If we know the phase quantum forms of baryons, then they can be obtained for anti-
baryons by simply inverting the signs in the baryons forms. In other words, only the 
phase quantum forms of baryons need to be found. 
 
                                                 
14
 As will be illustrated later, the forms (-,-,+) and (-,+,+) do not occur. 
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To choose the most likely option among all the above-mentioned possible phase quantum 
forms, it is useful to consider pion decay processes. Pion decay causes horizontal 
( + decay of ++∆ ), vertical ( 0 decay), or diagonal ( − , + decay within a multiplet) 
transitions within or between multiplets, see Figure 7. Consider the following three decay 
processes: 
• 
++ +→Σ N  
• 
























In these processes, all possible quantum forms of particles are represented as column 
vectors. Because of the photon decay, the phase quantum forms of +Σ and +N  should be 
identical. The neutral pion decay ++ +→Σ N0  seems to make (-,+)(+) the most likely 
proton phase quantum form because it does not change the spin grouping. The ++∆  decay 
process seems to confirm this to a certain degree, although the ‘extraction’ of the +  
apparently also causes a phase change for the proton. 
 
Now that the most likely phase quantum form of the proton has been obtained, we also 
know the quantum forms of +∆  and +Σ by photon equivalency, see Figure 7. The results 
are captured in Figure 9 and Figure 10. 
 
The next step is to derive the quantum form of the neutron. Consider the following decay 
processes: 
• 
00 N+→Λ  
• 








































































Using similar arguments for the first two decay processes as used above, one can 
conclude that ( )( )+−−= ,N0  is most likely. The ++→Λ N-0  process seems to confirm 
this conclusion. Via photon equivalency the phase quantum forms of ++∆ , +N , 0∆ , 0*Ξ  
0Ξ , 0Σ , 0Λ , and 0N  are now all known. The phase quantum forms of −∆ , −Σ* , 0*Σ , +Σ* , 
−Ξ* , 0*Ξ , −Ω , , −Ξ ,  and −Σ  remain to be determined. 
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The following step is to determine the most likely quantum form for −Ξ . Consider the 
following decay processes: 
• 
−− Σ+→Ξ  
• 
−− Σ+→Ξ 0  has not been observed. 
 
From these processes it is somewhat difficult to determine the phase quantum form, 
because the neutral pion decay of −Ξ  has not been observed. Consider now the following 
arguments to determine the quantum form of −Ξ . 
 
First consider the possible phase quantum forms: 
• To obtain a charge equal to –1, −Ξ  may have either of the two phase quantum 
forms: (-,-,-) or (-,+)(-). 
 
Next consider the following set of arguments: 
• If ( )( )−+−=Σ− ,  then the quantum form of ( )( )++−=Σ− , . We already obtained 
( )( )++−=Σ+ , . Therefore, the phase quantum forms of −Σ and +Σ  should be 
identical. However, experimentally it is known that the masses of −Σ  and 
−
Σ  are 
equal but different than the mass of +Σ . If it is assumed that different quantum 
forms cause different masses, then the quantum form of −Σ cannot be equal to 
( )( )−+−, . 
• If both ( )( )−+−=Ξ− ,  and ( )( )−+−=Σ− ,  are correct, it is hard to understand why 
−− Σ+→Ξ 0  has not been observed. A similar observation can be made with 
respect to the decay processes 00 N+→Λ and 000 N+→Λ . 
• Upon observing many possible meson and baryon pion decay processes, it seems 
reasonable to assume that, because of the exact match between the numbers of 
reduction centers involved and the spin-coupling, pions can only be emitted from 
spin-paired reduction centers or result in creation of spin-paired reduction centers. 
If this observation is correct, then a decay process of the 
form ( ) ( )−−−+→−−− ,,,, 0  is not possible because both the initial and final 
particles do not have a pair of spin-coupled reduction centers. The decay process 
0- Λ+→Ξ−  as ( ) ( )( )+−−+→−−− ,,, -  would now be possible via pion emission 
because 0Λ  has a spin coupled pair. 
 
These arguments push more towards ),,( −−−=Ξ− . The following argument is hard to 
classify as being in favor of either of the two possible phase quantum forms for −Ξ : 
• The process: 0- N+→Ξ−  has been observed and may be 







. The process ( ) ( )( )+−−+−−→−−− ,,),,(  requires 
only one phase change, but a restructuring of spin groups, whereas 





• The spin of −Ξ  is equal to ½, which is easy to imagine for ( )( )−+−=Ξ− , , but 
harder for ( )−−−=Ξ− ,, . In the latter form, either a) one reduction center would 
need to spin opposite to the other reduction centers and still form one spin group, 
or b) extra spin vortices are needed within the particle to compensate for the spins 
within two reduction centers when all spin vectors are aligned. 
• The decay process sequence * +Ξ→Ξ −−  (see Figure 7) indicates that the phase 
quantum form of −Ξ*  and −Ξ  must be equal, whereas −Ξ*  has J=1½ and −Ξ  has 
J= ½. The implication is that −Ξ*  has to collapse from J=1½ to −Ξ  with J= ½. 
Again this is easier to see with ( )( )−+−=Ξ − ,*  and ( )( )−+−=Ξ− , , than for 
( )−−−=Ξ − ,,*  and ( )−−−=Ξ− ,, . In the latter case a) one spin vector needs to be 
inverted or b) vortices need to be destroyed upon decay to ( )−−−=Ξ− ,, . 
 
In summary, there is no result that definitely points to either one or the other possible 
phase quantum form for −Ξ . Therefore, an important assumption will be made to permit 
continuation of the development of the Particle Model: 
 
• Assumption A. ( )−−−=Ξ− ,, .  
 
In other words, it is assumed that the analysis as performed above is more in favor of 
( )−−−=Ξ− ,, . Via photon equivalence it also follows that the phase quantum forms for 
−Ω , −Ξ*  and −Σ  must be equal to (-,-,-). 
 
All most likely phase quantum forms have now been obtained for the J=½ baryons of 
Figure 7 and are shown in Figure 9.  
 
For J=1½ the particles −∆ , −Σ* , 0*Σ , and +Σ*  remain to be analyzed. As far as is known, 
they are not involved in photon decay. From [6] the following decay processes can be 
obtained: 
• 






















































































Figure 9: J=½ Baryons 
 
A few other assumptions need to be made for the Particle Model: 
• Assumption B. In alignment with assumption A, it is assumed that ( )−−−=∆− ,, . 
This makes the phase quantum forms of all delta particles different, which is 
assumed to be the origin of their difference in mass. 
• Assumption C. In analogy with the quantum phase forms of ( )−−−=∆− ,, , 
( )( )+−−= ,N0  and ( )( )++−=+ ,N , it is assumed that ( )−−−=Σ − ,,* , ( )( )+−−=Σ ,0*  
and ( )( )++−=Σ + ,* . This makes the phase quantum forms of all *Σ  particles 
different, which is again assumed to be the origin of their difference in mass. Now 
a simple explanation has been obtained why −Σ*  and +Σ*  cannot be each other’s 
anti-particle, although they have an opposite charge. They have different, non-
inverse, phase quantum forms and therefore different masses as well. 
 
Hopefully, in the future, the above assumptions can be supported by further analysis or 
experimental results. Finally, it can now be concluded that baryons have the following 
phase quantum forms: (-,-,-), (-,-)(+), (-,+)(+) and (+,+)(+). The phase quantum forms 
(-,-,+) and (-,+,+) apparently do not exist. For anti-particles a similar observation applies. 
This completes the phase quantum form analysis for J=1½ baryons. The results are 






















































Figure 10: J=1½ Baryons 
 
It has been concluded that the proton ( )( )++−=+ ,N , and the neutron ( )( )+−−= ,N0 . 
Their slight difference in mass can now be attributed to the different phase quantum 
forms. This also explains the difference in electromagnetic charge without relying on 
fractional charge.  
8.5.4 Leptons 
The phase quantum forms of non-neutrino leptons are (-) for negative particles and (+) 
for positive particles. 
8.5.5 Photons 
It will be assumed that the phase of photons is effectively 0. This assumption cannot 
physically be substantiated yet, but makes the Particle Model coherently fit together, see 
among others the phase-charge law in section 10.2.  
8.5.6 Neutrinos 
To get a better impression of the nature of neutrinos from a Particle Model perspective, 
consider the following neutrino processes: 
• e
0 eNN ++→ −+ . In phase quantum form this is ( )( ) ( )( ) ( ) e,, +−+++−→+−− . 
• e
0 eN ++→Σ −− . In phase quantum form this is ( ) ( )( ) ( ) e,,, +−++−−→−−− . 
• e
0 e ++Λ→Σ ++ . In phase quantum form this is ( )( ) ( )( ) ( ) e,, ++++−−→++− . 
• 
0 ++Λ→Ξ −− .  In phase quantum form this is ( ) ( )( ) ( ),,, +−++−−→−−− . 
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More similar processes exist. It seems that a single neutrino is always emitted from a 
particle which has spin-coupled vortices. To reduce the number of possibilities, consider 
also the processes: 
• +→ −− .  In phase quantum form this is ( ) ( )+−→− . 
• ee +→
++
. In phase quantum form this is ( ) ( ) e++→+ . 
 
These decay processes should result in a collapse of two spin vortices into one vortex. 
Again, the original particle has spin-coupled vortices. At this point, it seems that the 
number of reduction centers of neutrinos can only be 1 or 2. Lastly, consider the 
following leptonic decay processes: 
• ee ++→ −− . In phase quantum form this is ( ) ( ) e ++−→− . 
• ee ++→ −− . In phase quantum form this is ( ) ( ) e ++−→− . 
• ++→ −− . In phase quantum form this is ( ) ( ) ++−→− . 
 
In these cases it seems that the lack of spin-coupled vortices in the original particle 
causes the emission of two neutrinos instead of one. In other words, presumably the 
number of emitted neutrinos is related to the existence of spin-coupled vortices in the 
decaying particle.  
 
The number of reduction centers of a neutrino should probably be lower or equal than the 
number of reduction centers of the original particles, i.e. 3≤  when the original particle is 
a baryon, 2≤  when the original particle is a meson, and 1≤  when the original particle is 
a lepton. If neutrinos have a unique identity, then it should be concluded from these three 
constraints that the number of reduction centers of a neutrino should be 1≤ . This is 
consistent with what has been concluded in section 7.6. 
8.6 Spin-Phase Quantum Forms 
Based on the previous results, the spin-phase quantum forms can be obtained for 
particles. Only some examples will be provided. By using the phase forms obtained 
earlier, the spin-phase quantum forms of other particles can be derived as well. 
 
−
 = [½(-↓,-↓) +½(-↑,-↑)], 0  = [½(-↓,+↓) +½(-↑,+↑)], +  = [½(+↓,+↓) +½(+↑,+↑)]. 
 
−
 = (-↑,-↑), 0  = (-↑,+↑), +  = (+↑,+↑). 
 
N0 = [½(-↓,-↓) +½(-↑,-↑)] + (+↑), N+ = [½(-↓,+↓) +½(-↑,+↑)] + (+↑), 
 




9 Particle Classification 
9.1 Introduction 
This section introduces a classification of particles. The reduction center classification 
was in fact already used in earlier sections but will now be repeated for completeness. 
9.2 Reduction Center Classification 
Earlier, a classification of particles was provided based on the number of reduction 
centers. The complete set of definitions of particles is: 
  Baryon (Particle). A virtual soliton with three reduction centers. 
  Meson (Particle). A virtual soliton with two reduction centers. 
  Lepton (Particle). A virtual soliton with a single reduction center. 
  Neutrino (Particle). A virtual soliton with a reduction center and an expansion 
center. 
  Photon (Particle). A soliton within a self-created potential well, but without 
random wandering (resulting in zero mass). 
 
According to the above particle classification, the class of leptons does not contain 
neutrinos anymore. This definition is in accordance with the Particle Model, but 
obviously differs from the definition of leptons in the Standard Model. Also observe that 
this classification of particles depends solely on the number and type of reduction centers, 
and not on spin which the Standard Model uses as a criterion to define classes of 
particles. In the subsequent sections the above definition of leptons will be used to 
maintain consistency within the Particle Model. 
9.3 Particles and Anti-particles 
The possible phase quantum forms for particles obtained in the previous section leads to 
another classification of particles. Particles with opposite phase quantum forms 
annihilate. Thus the notion of phase-inverse-particle can be introduced: 
 
  Phase-Inverse Particle. The phase-inverse particle of a particle is obtained by 
inverting all reduction center phases in its phase quantum form. 
 
Examples: (+,+) inverts to (-,-), and (-,-) is the inverse of (+,+). Similarly, (-,-)(+) is the 
inverse of (+,+)(-). 
 
Obviously, by phase-inverting a particle twice, one obtains the original particle back. One 
can sub-divide the class of all particles into two large groups by defining one quantum 
form as particle and its associated phase inverse particle as anti-particle. Table 4 
provides the definitions of particles and anti-particles. The following constraints have 
been used to compile this table: 
• Only specific kinds of (anti-) baryons exist, see section 8.5.3). 
• Electrons (-) and protons (-,+)(+) seem to exist much more abundantly than their 
anti-particles. Because of this they are classified as particles. 
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• The particles subclass contains all the ‘all-minus’ phase quantum forms 
(-), (-,-) and (-,-,-). Consequently, the anti-particle subclass contains all the ‘all-
plus’ quantum forms (+), (+,+) and (+,+,+). 
• For baryons, going from left to right, the phase quantum forms for the particle 
subclass make a phase step equal to +1. Consequently, this phase step is equal 
to –1 in the anti-baryon subclass. 
 
Thus, which particles belong to the particle class and which ones belong to the anti-
particle class is a matter of convention. One additional class of particles should be 
introduced for mesons as they are their own anti-particles. They will be called neuter 
particles. Examples of these particles are 0 and 0 . Note that, although neutrons are 





Baryons (-,-,-), (-,-)(+), (-,+)(+), (+,+)(+)  (+,+,+), (+,+)(-), (+,-)(-), (-,-)(-) 
Mesons (-,-) (-,+) (+,+) 
Leptons (-)  (+) 
Neutrinos (-/+)  (+/-) 
Photons (0)  (0) 
Table 4: Particles, Anti-particles and Neuter-Particles 
 
Two particles with the same quantum beat frequency (mass) and phase quantum form, 
but with inverse spin, are considered the same (anti-)particle. The notion of particle is 
often used somewhat ambiguously. However, from the context it should be clear when 
the notion of particles is intended to refer to both the particle and anti-particle subclasses, 
or to the subclass of particles.  
 
 
10 Particle Laws 
10.1 Introduction 
In this section, it will be shown that it is possible to derive two explicit expressions for 
the relation between the reduction center phases, the charge, and the spin of a particle. 
These relations are called the phase-charge law and the spin-phase-charge law. The 
phases i  are equal to the reduction center phases, but in both laws, the – sign should be 









 will be called the summed-phase of a particle p. In this sum, N is equal to 
the number of reduction center phases in the particle. 
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10.2 Phase-Charge Law 
As mentioned before, (anti-)mesons and (anti-)baryons may have following phase 
quantum forms: 
• Negative mesons: (-,-), neutral mesons: (-,+) or (-)(+), positive mesons: (+,+) 
• Negative baryons: (-,-,-), (-,+)(-), neutral baryons: (-,-,+), (-,+,+), (-,-)(+), (+,+)(-), 
positive baryons: (-,+)(+), (+,+,+). 
• Negative leptons: (-), positive leptons (+). 
• Neutrinos: (+/-) and (-/+). 
• Photons: (0). 
 
The following law can be verified with respect to the above quantum forms and applies to 
all the particles considered in section 8 as well: 
 
 Phase-Charge (PC) Law. The relation between phase and charge for particles 
can be expressed as:  











 B for a Particle B for an Anti-Particle # of Reduction Centers N 
Baryons +1 -1 3 
Mesons 0 0 2 
Leptons15 -1 +1 1 
Neutrinos 0 0 2 
Photons 0 0 1 
Table 5: Values of B and N 
 
This law has solely been derived from particle quantum forms and is independent of the 
particle being in a ground state or excited state. For hadrons and non-neutrino leptons N 
indicates the number of reduction centers. For neutrinos N has been set to 2, for photons 
it has been set to 1. This is in compliance with earlier observations, but may have to be 
changed when the physical properties of neutrinos and photons become better known. For 
photons, the setting N=1 also conveniently prevents that one gets a division by 0 in the 
formal definition of strangeness in section 12. The phase-charge law solely depends on 
the phase quantum form of a particle and is completely independent of any grouping of 
particles in multiplet structures. The phase-charge law can be perceived as a conservation 
law. 
 
10.3 Phase-Charge Law Properties 
To illustrate the phase-charge law some examples will be provided for hadron particles. 
                                                 
15
 Excluding neutrinos. 
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 with (N=2, B=0) for mesons and 
(N=3, B=1) for baryons. Observation of the last three columns in the tables shows 
that the phase-charge law is indeed followed. As this law is independent of 
excited states, similar tables can be compiled for other  
(non-)excited particles (J=1 mesons and J= ½ baryons). 
 
Particle Phase Form Summed-Phase -2Q -B 
K0 (-,-) -2 +2 0 
K+ (+,+) +2 -2 0 
-
 (-,-) -2 +2 0 
0
 (-,+) 0 0 0 
+
 (+,+) +2 -2 0 
K- (-,-) -2 +2 0 
0
K  (-,+) 0 0 0 
Table 6: Phase-Charge Law for Mesons (J=0) 
 
 
Particle Phase Form Summed-Phase -2Q -B 
-
 (-,-,-) -3 +2 -1 
0
 (-,-)(+) -1 0 -1 
+
 (-,+)(+) +1 -2 -1 
++
 (+,+)(+) +3 -4 -1 
*-
 (-,-,-) -3 +2 -1 
*0
 (-,-)(+) -1 0 -1 
*+
 (-,+)(+) +1 -2 -1 
*-
 (-,-,-) -3 +2 -1 
*0
 (-,-)(+) -1 0 -1 
-
 (-,-,-) -3 +2 -1 
Table 7: Phase-Charge Law for Baryons (J=1½) 
 
• If a baryon p consists of a reduction center spin pair and a single non-spin paired 
reduction center (for example a +N  particle, but not a −Ω  particle), then such a 
particle could be viewed as a bound system of an (anti-)meson and an  
(anti-)lepton16. The phase-charge law for an (anti-)meson is 

















li pQp . 
Adding both equations together, representing the binding gives: 





























The latter equation is exactly the phase-charge law for a baryon particle p. 
 
10.4 Spin-Phase-Charge Law 
A special case of the phase-charge law is the following law: 
 
 Spin-Phase-Charge (SPC) Law. The relation between phase, charge and spin of 
leptons, neutrinos, photons, J=0 mesons and J=1/2 baryons can be expressed as:  









, with: JJ =∗ , and 
 
 J* for a Particle J* for an Anti-Particle N 
Baryons +1/2 -1/2 3 
Mesons 0 0 2 
Leptons17 -1/2 +1/2 1 
Neutrinos 0 0 2 
Photons 0 0 1 
Table 8: Values of J and N 
 
This law can be verified using the phase-charge law. The spin of the photon is equal to 0, 
in compliance with section 6.8. The spin of neutrinos is 0, which is among the values (0 
and 1/2) found in section 6.9. Does this mean that the spin of neutrinos is indeed equal to 
0? For neutrinos, the argument has been that it should have spin to conserve weak decay. 
However, spin conservation is not an absolute law. The decay process f4 Å IURPJ=4 
to J=0 indicates this, see [7]. Therefore, the above ‘result’ for the neutrino spin might be 
physically correct but cannot be considered proof. The right hand side of the above 




11 Fractional Charge 
11.1 Introduction 
This section formally introduces the notion of fractional charge, basically as a 
consequence of rewriting the phase-charge law. It can be proven that fractional charges 
only exist for hadrons18. For baryons the fractional charge values are 31±  and 32± , for 





                                                 
17
 Excluding neutrinos. 
18
 For baryons this matches exactly with the values of the Standard Model, for mesons there is a difference. 
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11.2 Definition 
Formally define fractional charges as: 
 
  Fractional Charges of the Reduction Centers of a Particle p. The fractional 





≡ , with: i=1..N 
 
This definition can be motivated as follows. The phase-charge law for any particle is: 
































The terms under the summation sign at the right side can be defined as fractional charges. 
This definition of fractional charge both applies to reduction centers in excited and non-
excited particles, because the quantum forms for an excited particle also has one of the 
forms used for derivation of the phase-charge law. Note that the fractional charges are 
defined for a reduction center, but according to the Particle Model a reduction center may 
have one or multiple vortices! The definition of fractional charge solely depends on the 
phases of a particle, and thus is completely independent of any organization of particles 
in multiplet structures, as a proper definition of fractional charge should be.  
The physical relevance of fractional charges might be questioned, as they are defined in a 
purely formal manner. However, a relation may exist between fractional charge and 
externally supposedly observed charges, see [6] for further considerations. Thus, 
although section 7 maintains that physical particles can only have integer charge values, 
it is formally still possible to define the notion of fractional charge for the reduction 
centers of all kinds of particles. When reduction centers are perceived of as quasi-
particles, they can be called qpars, each having their own fractional charge value19.  
11.3 Properties 
The following properties apply for fractional charges: 















































Table 9: Non-Fractional and Fractional Charge Expressions 
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• With 1/−+=i  or 0 for the various (anti-)particles one obtains the fractional 
charges as shown in Table 10: 
 
Particle Fractional Charges 
Baryons -1/3  +2/3 
Anti-Baryons -2/3  +1/3 
Mesons -1/2  +1/2 
Anti-Mesons -1/2  +1/2 
Leptons 0   
Anti-leptons   0 
Neutrinos  0  
Anti-neutrinos  0  
Photons  0  
Phases 1−=i  0=i  1+=i  
Table 10: Fractional Charges 
For (anti-)baryons, this Particle Model definition of fractional charge results in an 
exact match with the quark charges of the Standard Model. However, for mesons, 
the Particle Model fractional charges are +1/2 and –1/2. The possible physical 
meaning of this result will be covered in a future report. 
 
The following additional observations can be made: 
• For baryons there are always three fractional charges (N=3) and for mesons 2 
(N=2). 
• For baryons one can now label the fractional charges20 3/2+≡U  and 3/1−≡D . 
For the phase form of the proton N+=(-,+)(+), one obtains the corresponding 
fractional charge form UUD=(+2/3, +2/3, -1/3). Similar correspondences hold for 
other baryons. For anti-baryons one can define the two fractional charges 
3/2−≡U  and 3/1−≡D , and obtain similar charge quantum forms21. 
• For baryons, the phase quantum forms and corresponding fractional charges are: 
o (-,-,-) Å (-1/3, -1/3, -1/3) 
o (-,-)(+) Å (-1/3, -1/3, +2/3)  
o (-,+)(+) Å (-1/3, +2/3, +2/3) 
o (+,+)(+) Å (+2/3, +2/3, +2/3) 
For anti-baryons, the phase quantum forms and corresponding fractional charges 
are obtained by inverting the above forms. 
• The fractional charges for the (anti-)mesons are –½ or +½. One can now define 
the two fractional charges 2/1+≡E  and 2/1−≡F . For the phase form of the 
pion ),( ++=+ one obtains the corresponding fractional charge form  
                                                 
20
 Capital letters have been used here to distinguish them from the lower case u and d used to designate up 
and down quarks in the Standard Model. 
21
 The fractional charge values for Particle Model baryons are exactly the same as the ones provided by the 
Standard Model. 
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EE=(+1/2, +1/2). One can verify that similar correspondences hold for other 
(anti-)mesons22.  
• For (anti-)mesons and neuter-particles, the phase quantum forms and 
corresponding fractional charges are: 
o (-,-) Å (-1/2, -1/2) 
o (-,+) Å (-1/2, +1/2) 
o (+,+) Å (+1/2, +1/2) 
• From the above considerations on mesons and baryons it can be concluded that 
the fractional charges inside a spin group are always the same, provided that the 
reduction center phases are the same within the spin group. 
• The fractional charges for the non-neutrino (anti-)leptons are 0 as they should be, 
because they only have one reduction center. The fractional charges for  
(anti-)neutrinos and photons are also equal to 0. 
 
It also follows that: 
• The squared fractional charge value(s) for: 
o Mesons are equal to (½)2 =  (-½)2 = ¼. 
o Baryons are equal to: (1/3)2 =  (-1/3)2 = 1/9 and (2/3)2 =  (-2/3)2 = 4/9. 
• The sum of the squared fractional charge values for mesons is always equal to 
¼+¼=½ 
• The sums of the squared fractional charge values for baryons are equal to (for 
anti-baryons the set of values is the same): 
• (-1/3)2+(-1/3)2+(-1/3)2 = 1/3   
• (-1/3)2+(-1/3)2+(+2/3)2 = 2/3   
• (-1/3)2+(+2/3)2+(+2/3)2 = 3/3   
• (+2/3)2+(+2/3)2+(+2/3)2 = 4/3   
 
As shown in section 8, the nature of physical charge can be described independently of 
Standard Model quarks. In other words, the Particle Model does not need the postulation 
of (u, d, c, s, t and b) quarks with fractional charges to describe the nature of charge at all. 
However, according to the above Particle Model definition, fractional charges can still 





In this section the notion of strangeness will be defined formally. It turns out to result in 
exactly the same strangeness values as for particles organized according the Standard 
Model. 
                                                 
22
 Thus, for Particle Model mesons the fractional charges are different from the Standard Model. 
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12.2 Definition 
As mentioned before, the masses of some sets of particles are approximately the same 
(examples are the set }N,N,N,N{ 00 ++  and the set },,{ 0 +− ). Within these sets, all 
particles have a different phase quantum form. It might therefore be concluded that the 
slight mass differences of particles within the set originate from the difference in phase 
forms. Despite these slight differences in mass, it might be useful to introduce a measure 
that considers all particles within such a set somehow as identical. This measure is called 
strangeness23. The formal definition is quite complex. But, how strangeness values can be 
calculated is in fact quite simple, as will be shown in the examples following the 
definition. 
 
  Strangeness S(p) of a Particle p24. Strangeness is defined in terms of the 
following procedure: 
1. Find the set R(p) of all particles, neuter-particles and anti-particles of 
approximately the same mass as particle p and including p, but all with 
different phase quantum forms. 
2. If this set contains a neuter-particle25 then keep the set R(p) the same and 
re-label it Z(p) and go to step 5. 
3. If this set does not contain a neuter-particle26, then split the set R(p) into 
two subsets; the set of particles RP(p) and a set of anti-particles RA(p). 
4. If particle p belongs to RP(p): 
 then keep RP(p), re-label it Z(p) and ignore RA(p) for the 
calculation of strangeness, go to step 5. 
 otherwise keep RB(p), re-label it Z(p) and ignore RB for the 
calculation of strangeness, go to step 5. 
5. Define the strangeness of particle p as: 
















o Z=M . 
o The index j runs over all particles within the set Z(p). 
o The index i runs over all N reduction centers of a particle in Z(p). 
 
This definition applies to any particle including leptons and photons, not just hadrons. 
For leptons N=1, for mesons N=2, and for baryons N=3. It is important to realize that this 
definition of strangeness is completely independent of the organization of particles in 
multiplets27. The right side of this definition could also have included any constant 
                                                 
23
 It is called strangeness because it has exactly the same properties as the strangeness in the Standard 
Model. 
24
 Particle is meant here in the generalized sense: particle or anti-particle. 
25
 In that case the particles are mesons, but not every set of mesons has a neuter-particle such as the set  
}K,K{ 0 + . See also Particles, Anti-particles and Neuter-Particles. 
26
 This is certainly the case for leptons and baryons, see Table 4. 
27
 In the Standard Model, one somehow always gets the impression that the embedding of particles in 
multiplets is important for the strangeness value a given particle is assigned. 
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scaling factor. In the definition this scaling factor has been set to 1. Any other value does 
not essentially change the definition and the results provided below. 
 
Examples: 
• Determine ( )−S . ( ) },,{R 0 +−− = . This set contains neuter-particle 0 , thus 









iii . Similarly it follows 
that ( )0S = ( )+S =0. 
• Determine ( )0S Ξ . ( ) },,,{R 0000 ΞΞΞΞ=Ξ − . There is no neuter-particle, thus 












ii = ( ) 2132
1
−=−− . 
Similarly it follows that ( ) 2S −=Ξ−  and that ( )0S Ξ = ( )0S Ξ = +2. 
• Determine ( )++∆S . ( ) },,,,,,,{R 00 +++−+++−++ ∆∆∆∆∆∆∆∆=∆ . This set does not 
contain a neuter particle, thus ( ) },,,{Z 0 +++−++ ∆∆∆∆=∆ and therefore: 




























i . Similarly it follows 
that ( )-∆S  = ( )0∆S  = ( )+∆S  = 0, and also that ( )-∆S  = ( )0∆S  = ( )+∆S  = ( )++∆S  = 0. 
• For the particle (J=0) there are no other particles with a different phase quantum 
form and approximately the same mass. Therefore, ( ) `{Z = and 







Similarly, ( ) 0
 =S  and ( ) 0c =S . These values have been derived based on the 
formal definition of strangeness and are independent of symmetry arguments such 
as used in the Standard Model. In the same way the strangeness of other mesons 
(such as f0 and a0) can be derived, and the strangeness of mesons with higher spin 
values. They all have a strangeness S=0. 
• For the 0Λ  particle (J= ½): ( ) },{R 000 ΛΛ=Λ . There is no neuter-particle, thus 









The following properties hold for strangeness: 
• Strangeness has the following inversion property:  














• Any particle that is part of Z(p) has the same strangeness value as p. This follows 
from the definition of strangeness, because the value of the summation stays the 
same. This can also be observed from the above examples.  
• For non-hadrons the following properties apply: 
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o For leptons ( ) 1−=pS  and for anti-leptons ( ) 1+=pS . For electrons the 




−= . For the positron and muon and tau (anti-) 
particles the derivation is analogous. The Standard Model assigns a 
strangeness value equal to 0 to those particles. 
o For (anti-)neutrinos ( ) ( ) 0== vSvS . For electron neutrinos the derivations 
is ( )
−e





v . For other neutrinos the derivation is 
analogous. 




• As can be observed from the definition of (anti-)particles and Figure 11, the 
following statements seem to hold: 
o If S(p) < 0 then p is a particle. 
o If S(p) > 0 then p is an anti-particle. 
o If S(p) = 0 then p is a particle or anti-particle. 
 
12.4 Charge-Strangeness Multiplets 
Particles can be organized in so called charge-strangeness multiplets: 
  Charge-Strangeness Particle Multiplet. An organization of particles28 in a 
rectangular grid adhering to the following constraints: 
o The particles all have the same number of reduction centers and spin. 
o Charge of particles is represented along the horizontal axis. 
o Strangeness of the particles is represented along the vertical axis. 
 
In the Particle Model, the J=0 charge-strangeness mesons multiplet should therefore 
contain all possible J=0 mesons, including particles such as f0 and a0. The Standard 
Model seems to be ambiguous in this sense, because it includes the , 
  and 
c particles, but does not include, for example, f0 and a0. This ambiguity applies to J=1 
particles as well. The Standard Model includes the ,  and ΨJ/ particles in the charge-
strangeness multiplet, but not other higher energy particles. 
 
The strangeness values of some hadrons are shown in Figure 11 (multiplets for J=1 
mesons and J= 1½ baryons are not illustrated). Not all meson particles have been 
included in the multiplet figures (particles such as c , f0, a0 and  have been left out). 
For illustration clarity, to prevent overlapping at strangeness S=0, the multiplets for J=½ 
have been split up into a particle multiplet and an anti-particle multiplet.  
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This section defines the notion of isospin. At first sight, this notion is completely 
independent of spin. However, an indirect relation exists as isospin is defined in terms of 
reduction center phase and strangeness. 
13.2 Definition 
The isospin of a particle is defined as follows29: 
  Isospin I(p) of a Particle p. Isospin is defined in terms of the summed-phase and 
strangeness of a particle p as: 











With: the index i running over all N phases of the particle p. 
 
This definition applies to any particle including leptons and photons, not just hadrons. 
Thus, the isospin value of a particle depends on the summed-phase of the particle and the 
average phase for a group of particles (strangeness). N=1 for leptons, N=2 for mesons, 
N=3 for baryons.  Similar to the definition of strangeness, this definition of isospin is 
                                                 
29
 This definition is, besides a factor 2, equal to the definition of the Standard Model, see also the 
discussion of its properties below. 
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completely independent of the organization of particles in multiplets. The right side of the 
definition could also have included any constant scaling factor. In the definition this 
scaling factor has been set to 1. Any other value does not essentially change the definition 
and the results provided below. 
13.3 Properties 
The following properties hold for isospin: 
• Isospin has the following inversion property:  









• Isospin- strangeness-spin-charge (ISSC) law. For J = 0 mesons and J= 1/2 
baryons in their ground state: 
( ) ( ) ( ) ( )pQpJpSpI 22 +−−= ∗  
 
This law can be derived by using the spin-phase-charge law for ground-state 
particles: 









, with JJ =∗  
Combining this law with the definition of isopin yields the ISSC law. In other 
words, the isospin of (lowest spin) mesons and baryons depends on their spin but 
is adjusted for by its charge and strangeness. All particles on the same row of a 
multiplet contribute to the value of strangeness of all the particles on that row. 
Therefore, these particles could be viewed as isotopes. The relation between 
isospin at the left hand side, and spin and strangeness at the right hand side of the 
= sign in the ISSC law, provides a justification for the name isospin30. For easy 
remembrance, the right side of the ISSC law is written in the order: ‘strangeness’ 
(=iso) followed by ‘spin’, which matches with the ‘isospin’ at the left hand side. 
This law may be easier to apply than the definition of isospin. 
• Isospin of any particle is related to its charge and charge and strangeness 
according to ( ) 2/BSIQ ++= . This relation can be derived by using the phase-

















. Thus, ( ) 2/BSIQ ++= . 
• ( ) )(2 pIpI SM= , wherein )( pISM corresponds with the isospin value of the 
Standard Model. This relation can be verified observing the multiplets of the 
Standard Model. 
                                                 
30
 The Standard Model provides a completely different interpretation of isospin related to proton and 
neutron properties, and generalizes this to a property in an abstract space. Within the Particle Model, such 
an abstraction is not necessary. 
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• For the Standard Model isospin: ( ) 2/SBIQ SM ++= . This equation can be 
verified by using ( ) )(2 pIpI SM= . 
• For non-hadrons the following properties apply: 
o For leptons ( ) 0=pI  and for anti-leptons ( ) 0=pI . For electrons the 
derivation is ( )-eI = ( ) ( ) 011eSe -- =−−−=− . For positrons and for muon 
and tau (anti-)particles the derivation is analogous. These results are the 
same as in the Standard Model. 
o For (anti-)neutrinos ( ) ( ) 0== vIvI . For electron neutrinos the derivation 
is ( )
−e
vI = ( ) ( ) 000 =−=−
−− ee
vSv . For anti-electron neutrinos and other 
(anti-)neutrinos the derivation is analogous. 
o For photons ( ) 0=I  because ( ) ( ) 000 =−=− S . 
 
The definition of isospin causes a ‘shift’ of charge value for all particles, taking into 
account its strangeness value. The result will be, as shown in the figures below, that the 
charge-mass multiplets become more symmetrical by transforming them into the well-
known isospin-strangeness multiplets. As this is a pure formal manipulation, it does not 
change the physical properties of particles in any way. Consequently, in all likelihood, no 
physical significance should be attached to the obtained symmetry of the multiplets. This 
is in stark contrast with what is claimed in the Standard Model and extensions to super-
symmetric theories. 
 
13.4 Isospin-Strangeness Multiplets 
Particles can also be depicted in so called isospin-strangeness multiplets: 
  Isospin-Strangeness Particle Multiplet. An organization of particles31 in a 
rectangular grid adhering to the following constraints: 
o The particles all have the same number of reduction centers and spin. 
o Isospin of particles is represented along the horizontal axis. 
o Strangeness of the particles is represented along the vertical axis. 
 
The isospin-strangeness multiplets for J=1 mesons and J=1½ baryons are shown in 
Figure 12. The J=0 meson and J=½ baryon multiplets can also be obtained by applying 
the definition of isospin on charge-strangeness multiplets. 
 
 
                                                 
31
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Figure 12: Hadron Isospin-Strangeness Multiplets 
 
 
14 Other Particles 
14.1 Introduction 
This section addresses strangeness and isospin for other known hadrons that are known to 
exist. 
14.2 Strangeness 
Up to now, only the ground state multiplets were considered for a given spin value. For a 
given spin value, also other hadrons are know to exist that correspond with excited states. 
These hadrons can also be organized into charge-strangeness multiplets, see Figure 13 
and Figure 14 (the J=1 meson multiplet and the J=1½ baryon multiplet are not 
illustrated). In general, the higher state multiplets have fewer particles. This decrement 
can be explained by assuming that a higher quantum beat frequency (more mass) results 
in less stability. Consequently, some excited states may not be possible. The additional 
multiplets (for particles) are also shifted towards higher values of strangeness. This might 
be explained as being caused by the existence of fewer stable particles at higher quantum 
beat frequencies.32 
 
                                                 
32
 In the Standard Model, a quark flavor is postulated, called charm, to explain the existence of the extra 
multiplets. Here, this is not necessary because the formal definition of strangeness avoids the need for such 

























































































Note: anti-particles not depicted
 
Figure 14: J=½ Baryon Charge-Strangeness Multiplets 
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14.3 Isospin 
The charge-strangeness excited particle multiplets discussed in the previous section can 
be transformed into isospin-strangeness multiplets by using the isospin definition. 
 
15 Particle Processes 
15.1 Introduction 
This section addresses some aspects of particle processes. Interestingly, it seems that the 
classification of weak and strong interaction is a purely formal one and cannot be used to 
explain the operation of the underlying physics. 
15.2 Interaction Classification 
The results of the previous sections allow for a particular classification of particle 
processes. In the Standard Model, these processes are called strong, weak and 
electromagnetic interaction. Here, this classification will closely be followed but now in a 
purely formal way. Following the Standard Model, and using the notions of strangeness 
and isospin, it is possible to classify particle interaction processes within the Particle 
Model as: 
  Photonic Interaction33. This is any interaction or decay process that involves one 
or more photons. 
  Strong Interaction. This is any interaction or decay process for which both 
strangeness and isospin is conserved, but which is not a photon interaction 
process. 
  Weak Interaction. This is any interaction process for which strangeness or 
isospin is not conserved. 
 
These definitions of particle interaction processes are purely formal. Any other 
definitions for strong and weak interaction (possibly including different definitions for 
isospin or strangeness) would not have singled out interactions of the form 
P1 Å P2 + e+/-   DV EHLQJ ZHDN ,Q WKH 6WDQGDUG 0RGHO WKH VWURQJ DQG ZHDN
interactions are identified as being caused by a strong and weak force respectively. 
However, if the Particle Model is correct, it is very doubtful that such forces really exist. 
At present it is not known, even with the earlier introduced Particle Model definitions of 
isospin and strangeness, why in many cases, isospin and strangeness are indeed 
conserved.  
15.3 Leptons – Hadron Interaction 
Experimentally it is well known that electrons and hadrons do not seem to exhibit strong 
interaction. Although still speculative, within the Particle Model, this might be a 
consequence of the nature of the electron. The electron might be the simplest way a 
particle can be entangled between the electromagnetic and gravitational protofields and 
thus be extremely stable in terms of its quantum beat frequency. In other words, its 
                                                 
33
 Also called electromagnetic interaction. Here, this designation is avoided to prevent confusion with 
electromagnetic wave interaction. 
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quantum beat frequency might be very hard to change. Strong interaction between 
electrons and hadrons might therefore be absolutely minimal. 
  
16 Corpuscular Particles verses Wavefunction Particles 
In the Quantum Field Mechanics all massive single reduction center particles (e.g. 
electrons) are characterized by their quantum beat frequency and velocity. Their energy 
and momentum are defined as hE ≡  and /hp ≡  respectively. In these expressions, the 
quantum mechanical action h corresponds with Planck’s constant. The energy momentum 
expression ( ) ( )2222 pcmcE +=  can be derived from the above definitions of energy and 
momentum (see [1]). By a specific mathematical transformation including the unit of 
quantum mechanical action h, the energy E and momentum p are jointly transformed into 
the wavefunction of the particle. This transformation effectively makes the corpuscular 
particle theory and wave theory in QFM equivalent. However, since all the above 
considerations only depend on the quantum beat frequency and velocity of the particle, 
they are completely independent of the internal structure (i.e. the reduction center vortex 
spin coupling) of a particle and should as such also apply for particles with multiple 
reduction centers. In other words, the same energy momentum and wavefunction 
equations should apply as the ones that apply for the electron. Therefore, the solutions of 
the wave equations are completely independent of the internal structure of particles as 
well. The wavefunctions of electrons and hadrons should thus be very similar and only 
depend on quantum beat frequency (mass), velocity and Planck’s constant. Another 
important observation is that the energy-momentum equation ( ) ( )2222 pcmcE +=  
implicitly assumes the existence of spin in a particle. This assumption can be understood 
by realizing that the quantum particle, during its reduction phase, creates a vortex that is 
absolutely essential for the existence of the particle as a whole. Quantum beat frequency 
and spin are thus integrated properties of the particle. Because energy-momentum 
equation implicitly assumes the presence of spin, this is also implicitly assumed for the 
wave function of the particle.  Consequently, spin matrices as introduced in conventional 
quantum mechanics should not be introduced in the wave function equations, because 
spin would be represented twice. 
 
17 Conclusions 
The Particle Model is based on a relatively simple set of ideas, namely a) experimentally 
known properties of particles, b) a combination of results from Quantum Field 
Mechanics, c) the assumption that spin vortices may be coupled, d) that the phase of the 
electromagnetic protofield can only have two values, and e) that charge can also depend 
on spin vortex coupling. This set of assumptions does not seem to violate experimental 
particle physics results. The result from the Quantum Field Mechanics that particles 
should be perceived as non-linear solitons has been essential for the creation of the 
Particle Model. A fundamental re-interpretation of the nature of particles in terms of their 
structure, interpretation of mass, spin, and charge, and also for the additional measures of 
strangeness and isospin is necessary when the Particle Model is proven to be correct. The 
Standard Model maintains a strictly linear model of nature, which might be the reason 
why it needs four different theories (lately three) to model nature. The Particle Model, on 
 51
the other hand, needs only one from the ground up integrated non-linear theory, 
facilitated by the Quantum Field Mechanics. 
 
The Particle Model assumptions lead to the following self-consistent results. Mass 
(quantum beat frequency), spin and charge turn out to be, through the virtual soliton 
structure and behavior, integrated properties of particles. The spin of a particle is 
assumed to be due to one or multiple vortices per reduction center and the possible 
presence of vortex spin-coupling. It becomes clear that spin cannot be identified with 
angular momentum, as conventional quantum theory maintains. In particle decay 
processes, spin vortices may collapse into fewer vortices and spin seems to be conserved 
only for non-excited particles. Spin experiments that have resulted in the spin crisis might 
be explainable as well. Charge is related to the phase of (spin-coupled) reduction centers 
in a well-defined manner via the phase-charge law. Fractional charge can now be defined 
as a consequence of the phase-charge law and may be connected to measured charge 
values. If so, fractional charges should not be confused with the real internal particle 
behavior. Collision experiments, seemingly leading to the conclusion that fractional 
charge has to exist, might be explained. The fractional charges for baryons in the Particle 
Model are exactly the same as for baryons in the Standard Model. For mesons there is a 
difference. Strangeness can formally be defined as the averaged phase of the particles 
with a different phase quantum form but slightly different masses (in a multiplet: ‘the 
averaged phase of a row of particles with approximately the same mass’). Isospin can 
formally be defined in terms of the summed phase and strangeness of a particle. Isospin 
and strangeness multiplets do not have fundamental physical significance in the Particle 
Model, and therefore do not provide additional physical insight. However, they might 
provide a means to organize and simplify thinking about (formal) relations between 
particles. The notions of strangeness and isospin in the Particle Model and the Standard 
Model match exactly34. The phase-charge law is more fundamental than the measures of 
strangeness and isospin, because the former has been derived directly from experimental 
results, whereas the latter two measures are formal definitions. According to the Particle 
Model, these measures will not be measurable because they are defined in terms of 
(summations of) reduction center phases involving multiple particles. The phase-charge 
law, together with the definitions of strangeness and isospin, allows derivation of the 
well-known Standard Model relation ( ) 2/SBIQ ++=  between charge, strangeness and 
isospin. 
 
Neutrinos might be identified with massive particles that have a reduction (squeeze) 
phase and an extra expansion phase. The result would be that the averaged 
electromagnetic force exhibited by neutrinos is zero, but the quantum beat frequency 
dependent mass would be larger than zero. 
 
According to the Particle Model, the hard pits detected during scattering experiment 
should not be interpreted as particles (quarks) with a fractional charge. The discrepancy 
between the mass of quarks and the mass of a hadron originates from the fact that quarks 
should not be interpreted as particles. Therefore notions of up, down, strange, charm (and 
                                                 
34
 Apart from a scaling factor for isospin. 
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very likely top and bottom) quark particles can be abandoned. The linear superposition of 
wavefunctions to create the wavefunction of a hadron is probably invalid, because the 
reduction centers of particles are an integrated part of the particle. On the same grounds 
the notion of wavefunction parity may need to be discarded. The separation of particles 
into a lepton group and a group of quarks seems to have no real physical validity.  
 
Several major assumptions have been made in this report. Interestingly, although they 
cannot be proven (yet), they lead to many of the same results of the Standard Model. 
However, now the structure, behavior, and measures such as the strangeness and isospin 
of particles can be described in an intuitive way. Several important model simplifications 
were obtained compared to the Standard Model. These results should not be considered 
proof of the correctness of the Particle Model yet. The ultimate test of the suggested 
Particle Model is of course the compliance with the results of all particle experiments and 
therefore remains to be validated. 
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